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PROBLEM TO BE SOLVED: To provide a reliable semiconductor 
device that has buried wiring with superior electro migration 
resistance. 

SOLUTION: A contact hole 103 and a recessed groove 104 for 
wiring are formed on an interlayer insulation film 102 being 
deposited on a semiconductor substrate 101, and a TiN/Ti film 105 
being used as a diffusion prevention film is formed on the wall 
surfaces of the contact hole 103 and the recessed groove 104. A 
copper alloy film 106 made of Cu-Sn alloy, Cu-Mg alloy, or Cu-Zr 
alloy is deposited on the TiN/Ti film 105 by the sputtering method, 
and a copper film 107 is deposited on the copper alloy film 106 by 
the CVD method or the plating method. By heat treatment, Sn, Mg, 
or Zr contained in the copper alloy film 106 is diffused into a copper 
film 107 for forming the copper alloy film where the Sn, Mg, or Zr is 
contained in Cu, the copper alloy film is subjected to the CMP 
method, and contact consisting of the copper alloy film where the 
Sn, Mg, or Zr is contained in the Cu and buried wiring are 
simultaneously formed. 
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^?)J:{:^®l:IoTC u - S n^t^Sf 1 

<t ^/^d^e^ (ill) ffitcgfir*] it 1^-5 mi <o^m 

2(OMi: «9 *0«ffija« (ill) ffilciBfS] Ltv^f 

»WcS*ixT^S S n SrfflE* 2 (DAJRJR^ttlRS-fr 

OTE«IBI6«JBl»Jb<cara5Lri/^«MffiJBl 
M^U ! m2^^^M^I^*'r6r.i:(c:i:i9 . Culcs 

2 ] ¥**S«-bfci*« SixfcJi ffil&RjRtc 

^^ttMJ: t? , mrERBJRADaffSr^trmEflmifiJft 

J; (ill) HotcBBlp) It <^-5Sgl co<feJ|| 

m^r^^-r^citcj; 19 , iWEBBIIUBDaffloiBffifcME 

JB i ^n^Mtsi i <D&mm¥$f&ji&t , 

Ml:ioTCu35^453&^liCuS:±S»^t5» 
2£>£JRJ:i3fc!?*flBa* (ill) ffiMBBlS] LTi^SJB 
2 ^JS«*SllEBBiBfflDaaxd^«)5i*tt6 «t 5 

WE**#S«^»Ur!R*!iaS:ffttorimEK i o£ 

<»E/Bnift«fli«>Jt«cara LT^^smEJSi 

*JK&t/S 2<oA*JR*rl»*-rs Z X V > C u (cm 
S«>ii^BEj»Jgj«XS^*«x.r^Sc 

^s^feicj; £ , fl5EBB*ffiDaffi«r^trfitlEHHI«fe» 
J|OJ:l:^El:IoTC u-z r ^&^&>-5fS 1 
J:0*0*ffiA« (l l l) EfcBB|S]L-C^6SBl<0&* 

2co^Mct 5ft9*BB*« (ill) ®(cSafr LT^SJB 
2 <D4*««:WEBBI*ffll3D»dsa»a**iS J: 5 «cfl0j5K 
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2 o&MMlSi. 
mE**#B««c» LtMI^ff ftoTWEJR l 

fflE*Mi(6*JKo±lc:«tBLTt^fitjE*icoA 
JRJBIXtfJS2 0AJlJBl«rB»*-r6w4:icJ: »3 , Cul;z 

«»a*BE«»ritxai*«*.rv^«r.i:*:4»»i:-*-S 

70 [0 0 0 1 ] 

[0002] 

T# BB*#*fi: LT, illf^v^ilo^ 19 

A 1 ia*H (fcfcjgtft 3 ju o hm - cm) tCft*_T , «t t> {6 
^ SttttC uBBSl (fcfc*8*l 1 . 7 *z o hm - c m) Srffll^ 

[0 0 0 3 ] LSI 4r*ja-*-«*-T-©»jB^*cfls 

oTA*BBj»*ri«n5«i?to*«3&*lfeftri MtfcDOLT 
i^Srt:*, ««Hl3JD«?tcA*BBift«:*ric;i-S4*iH^i4 
«^K#£*tT»BiL.T, £*BB*#»r*llUTbS 5 = 

iH4*«^TP<^5^*So CuliAiictfc^ri^ 

j*? feasor t ttmnztix^Zo 

[0 0 0 4 ] 

BBttHdtJ: 0!fc*B^** i: , xi/n^^^i/->a 

0. 3 « mBaA<Dl|([||B)iAJ»BB*T'M:, ^U^hu-v 
^i/-y 3 yiWMn^^^t^5 [V. I 
garashi et al, VLSI Symp. , p. 76, 1996] 0 ^oT. 

[0 0 0 5 ] ^CT\ BBjWtt9^& IT, C u -Mg^ 
[T. Tatewaki et al, IEDM. t p. 293, 1995] , Cu- 
Z r [ Y. Igarashi et al, VLSI Symp. , p. 76, 199 

6] , Cu-Sn*6f^aj|$tlTl^, 
[0 0 0 6 ] Cu-Mg^^, Cu-Z 

[0 0 0 7 ] fltllBlcig^-, 3g@mof6)±i:^ 
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[0 0 0 8 ] 

[||I«r»ftt5ft»oW] 51 WDM 

[0009] g|«9 3ft*3fctf*« 

7*— * «R#ffi, £T0fc, p. 692 . 1997) ^r^Lffi L 
-Ag^MCu-AlzOs^ll ^l^l^iO 

5:i:^aiLfco «, l8i:fc^r, %i acsij, 

looio] W^M/i^»5J:)(:, CuCN 
b, AgXiiA 1 20 3 a*&*nfc«-frA*^TS«&i& 

[ooii] * 

Nb^IJA 1 2 0 3 ^t^ixf:i l o^JlJ: /^II 
<D&mi£&ffi&'tZ>%$ l <0£*JBt*J*xai: , mico^ 
»J:l;cu^Cu ^i^it5l2^)MJ; t> 
*5«2<7>4«JR*BBj|»^no«364«a5)i&*ixS i 5 

t?, CutCAg, Nb^liAl 2 0 3 ^t$ilfci^ 
J: D*5S»a^BB**^«i-S««)i&^K*»rtxa 

[0 0 12] *» W ^»3S*tt^ fc, 

«WI6«JK«c»j5asn^iBI*ffllffl»OMaBfcC u |:A 
g, N bjfcteA l 2 o 3 #^*£ixfc*i ^A«J: 9*6 
*1 K»i<o&JBJRoJbtcCu 
u«:SfiJt»t-r6fB2<DA*J: 0 *S«S 2 <7}&M 
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tt^nri/^SAg, N bXl^ A 1 2 O 3 ^^2C0^^IB 
Cu}:Ag, NbWAl 2 0 3 ^ 

[0013] t^?>X\ CuXteCuZ^if&ftt-rzm 

o^ig^feici; £ <>; . Cu{CAg. NbWAl 2 0 3 ^ 
^*£ixfc:«l'&A«fc *) JfeSSftii^BBttSr^^^^jS^ 

^^^^ h*-;^MLT^^»^ 3V^h* 
"^t/IB^fflDD^cor^^JcP^ic^je^r^^^tPct 

[ooi4] «0^w^gfwKit^i^^i:, 
*0 mi oAJHJBt**xa«:. IB«IAPQn«r$trJinifi«K 

IB»*J«xa«:, »BBilfe»fll^J:^liaL,r\r^5*l<0 
AJRJBiat^JfS 2<oA««S:lfe*-t-SXa*rdtfC^^» 

[0015] **M^*i»#S6«OjBjft*tefc*3l^T, 

[0016] <b C >-yu— yi^* 0 . 1 8 « m 

OHMfCi*, 3V^n*-/^0. 2 5 ju mlTlO 

o. 8 »m8IO»Sl:4 5 , ElSUIinaftfcoi^Tfc 
0. 5amSSw^$M5i:45^^iS'J$ix5c 

^ 5^«-&AoAl»«**ai-*^ if*-e*ft 

v\ ^^y^3SJcJ:5fc«-frAwAJRJBl*rJ|ta-r 
6:ilift5^, z^-<^ hifc^i*^EI*fllQa«5fc* 

[0 0 17] t:^, *i co^JRKJgfiSXS^^^y 
^feicj: 5*1 co£JiJjg£^1-5X;g£-a^ |2» 

50 M^^itSS-r^XS^^tP^ . IBi^ffitia^OMffiiCC u 
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(CLAg, NbXfiAl 2 0 3 ^^#^tl7tS 1 <D&m& 

*^-r scot*, gs*iu3 Qo^mi oMi&t/f 20^ 

[0018] **Mo*«(*»e(7>stit*te^$5^r . 
fS l o£JHJRfl?j*Ifij&*;* /< y # £ 0 % 1 <a£J»JK 

t?»-&fctt, CuCAg, N bXlU 1 2 O3 
[0019] 

com 1 w*Ms**{c« S**#K«(c*3«j' 
&U^tf)jB!i6;frftl-o^-c, Hji (a) ~ (c) BlI^E 
2 (a) , (b) t#B8tft*bR«t«. 

[0020] 01 (a) «c 5 ^^^S 
fil 0 i<o±^*a*nfc«BM6»JKi 0 2^3^^^ 

h*-;n 0 3 WEiiOflftii o 4 ^Mt6o =» 
is* 9 — /H 0 3©ilj:0, 2 5 /i mig^t^o 

[0021] ft Hi (b) (C^-T^ 9 

h/it— /n 0 3&u<Ei8SffiDfltfc* 10 4 £^trJBM*6« 
Hi 0 2 0lE:M(cIot, **#£«i 0 1 ^co^ 
*(44rf6]Jb£-S:5TJItf>T i JRXtfC uCDjffflif&jftJRi 

0 2BLU<*i»f*:StKl 0 1 — Oi£1&£l#J]:-r6_bJIOT 

1 NScfc !3ft5TiN/TiRl 05 ^*£35-f 3 0 

[0 0 2 2] fttC Cu-l*fi%Ag &*)t£Z>m%& 
CO^ — y h&m^&*'*y *) , TiN/Ti 

I105Oj:(;40n m <DJ*J¥ 1 0 6 

^fi<4^(^T\ «^4«10 6iCj:^T, 0. 2 5 /i 
mi^<7)SIcD/h£ is? 9 /u 10 3 &U<IB$S^ 

QOtfcSfl 0 4*r^jca*5>i&tm i:tt^*ftt^o ^coai 

^^-x^tt^J: 5«l*AJBIi o 6*Jfta-#-54:, 
^co/Jn^i^v^^ h* — /H 0 3coMnas<7>i£S^*5 

[0023] ^:r-, ffiU<r>X'<v*m<nmz$k&&m 
ttCfjifccvDftxii^ y^ftttf&or, mi 

(c) tc^-rj;5lc, i^ii0 6»J:l:, MtW 

^Ml 0 6 i i {#CDj?£ (4 8 0 nm) 

«BJBi0 7**at5o l*il:i:0, = ^*h#-/u 
1 0 3&tfffi^QDW#l 0 4 l^i^Ml 0 6&U<£Pi 
§10 7iaoT^l:I^^iX^ 0 CuWCVDS 

&JH1 0 6 *T»^ffl^S^ tMUffcic 
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[ 0 0 2 4 ] ftiC, 4 0 0tlIOMI^lT/jJoT. 
SO^&J^l 0 6 OA g^Cu|l07 Ctef 
idi; 9 . 112 (a) ICT^-TX 5 Cu-0. 0 8 5f 
^%A g J: "9 tz&m&&mi 0 8 ^Mt6 0 

[0025] t Z^X', flU^&JRl 0 8C^(i^Ag<7) 

ttito^rii, sootgS^taSTtiiCuto 

AgOl»RttlH%ift"Cfc!), Ag!:W)iJ:S 
^TS-erSi: AgSr^fiK^^-t-Sffi^W-frAJRi o 8*1: 

St. AgO^^S<ir iriiliMo^ff* Lt\> 
[ 0 0 2 6 ] ft l£, TiN/TiglO 5&U^^£JK 
1 0 8IC#Lt«tliCMPjSfetff fcof. JintfiMR 
1 0 2C0jHwBfcbLrt^T iN/TiilO 5&tfffl 

^Ii0 8»*t5:i:(:J:^ 0 2 (b) Ic^-f 

mfr&^&mi i osr^ja-r*. -tot, *i#>&*be«i 

l l ORX^MKt&f^fRi 0 2 <n±.{z£:ffi\ZM.oX, 
i&^BElftl 1 0 £rt#fi£-f 6C uOii^-^co^m^P^lh-r 

^ saibi/y ^>jgi i i £±£^rt-5o 

[ 0 0 2 7 ] mi OSK»*fc:^TflgjSL,fcC u - 
o . 0 8 5 Sft%A g J; !) /^^iMIi o 8 coWISJb 
fifttt, tt«*>WBA IS.*"?** 2 5 0°C J: 5 t>i^< T 
4 0 0°CT^5 0 pi 22 

3, i98i) 0 wss«as^S5i^^5 ^ tnm&w 

[0028] Cu-0. 0 8 5ti%AgJ;^^ 

30 &m&&f& 10 8 M3o^TJ*, A g <OWkg.i$ 5 0 p p m 

tS#|^3^<£> i . 7 ^ o h m ■ c m^^5 (J. S. Smart et 
al., Trans. AIME, 147 (1942), 48) 0 t^oT, 

mi 0 8^««fiai*B:tt«^tt:-<TiSTU&^o ^ 

•SCfi*** 4 2 . 2Mhm«c mCi^lTLS 5 ^ 
ZrKu^MLTCuZr x n»!) 

^ Cu-Agi:!) 10 8 

[ 0 0 2 9 ] B±R« LfciSlc, i^Ii 0 8 J: »9 

[ 0 0 3 0 ] tZ.*>X, m&<0&ffiXl$, CVDmXl* 

* ^siaotcu-Ag x *) fts«-frAJB«:*a-r 

*&lz X V C u- ili%A g J: «9 feSffl-d-AJKl 0 6 
5d? Sr»<*a-r5i:#fc«-&4JBIl oeoiCCVDS^ 
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It* WHl 0 7 £Jf:<*fflLfc&, ffRteS 

SrS£L,T«-&&JRl 0 6 WAgWl 0 7 
2>Zt\z£*)* Cu-O. O85li%Agj;045« 
o 8^«iri^ 9 

[0 0 3 1 ] ifc, ^^•/^jfeJC.t DiftaLfc^B-frAJBt 
10 6li (111) EKE^t* 

o 6±tccvD»xi4^ y i9 

««10 7Wt, T*fiC0;»«MS:£tf T (111) a&tcEfpj 
-f£ 0 te^T, Brt»flllll***4l!H0 6« (ll 

f c ctt*-e*>sfc«>, s«®t-*>5 (ill) ffi^Sr 
i^^o^tttftDa^, mjri o 7 (iii) m 

-fr&JRl 0 8 X V ft5iii>a*ffil|l 1 0MtSfl*Ui< 
ft?), ^L-^ hP^-f ^U-v-a yfttd^ btCf6]_h-r 

[0 0 3 2 ] ML »l^ft*«iC*5^Tli, Cu-1 
lf%Ag «t 0 6 t*JRl 0 7 

l*SS£t£jRjfS£ii:"t\ Cu-0. 0 8 5H%Agi!) 20 
^5^^H0 8^MLt)&\ Cu-lli%Ag 
J: OftS«l-&&JRl 0 6£*a-r£ftfc>?Hc, TiN/ 
T ill 0 5 Zmfc-f £ _bJI COT i NlCAg^t^ 

-tt"Ct>£^c ro^l^lS, iHl 0 7 Sry^s^ftfc: 

[0 0 3 3] Sffi^ll 0 2&U<4^#S1£l 

0 1 cO^ffi&T y^-7^7X7§T«lt C u cote 

KSrBSJhLTasrtii. T i n/t ill o 50J:9« ^ 

[0 0 3 4] £7t, * 1 CO*JS^1ltC*5t>rW, 
H106HT, MCSilfcCu-Ag^ffl^ 

S n^^fe, C u -M g u - Z r ^ 

[0 0 3 5 ] £*T, *8SO«2(Z) 

*«#»«J-*5W 6ffl^£Ei»&t>**:tf> 
•[«#8MCO^T, 0 3 (a) - (c) (a) 
~ (c) «r#SBLfca*fcR9§-*-3. ^ 

[0 0 3 6 ] *i\ H 3 (a) ***S 
K20 i<7>±^Jfta*nfcJIIKH6»K2 o 2l:ny^ 

h 2 o 3 ^TOiffiOflW 2 o 4 ^ffMtS. =» 

ls# ? h*— ^2 0 3 cO^liO . 25^ mil^tSo 
[ 0 0 3 7 ] #{C, 03 (b) k-^i'ct =i ? 

h ^— 2 0 3&tfE«fflia4fc»2 0 4«r-&tPHPfl*fe» 
JR2 o 2(DJtl:4BCIor, 4^>SteS*K2 o l ten® 
f£&&fa±£-&Z>TM<OT i JR&(/c u<aJimtefkJR2 

0 2SW^#M2 0 1 -c7)te»$:l^lh-r5JbiicOT 

1 NIJ; !)/^TiN/Til|2 0 5 ZMft-tZo 50 
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[0 0 3 8] f&m£ VteZf-Vy h 

^S/^S?^ «fc 9 , TiN/Tig2 0 5(7)lCTi(7)i 

0 3 (c) (ClTF-ti: 9 TI^fl3JR2 0 6 O±t±I 
0 7 Sr^a-TSo -*>*-g\ TH CO§EJgi 2 0 6 
t ±.m<^mm2 0 7 t <ommt Ltl^9 2 5 nm^t 
6 0 ZtHZ&Q. 3 h* — ^2 0 3XtfK*fl?BQ 

#i»2 0 4 teTJlXlJ<±Htf>«JR2 0 6 , 2 0 7tc£"9 

[0 0 3 9 ] ^/^^^{Ci: 9 . 04 ( a ) fc.* 

■Tct5^, 11^12 0 7(D±(C^Jx.l4 7 5 nmCOflU 
S£:fi-t*5-;*-^JR2 0 8 5o 

[0 0 4 0 ] ~*70k2 0 8 <9*ffiBKl: 

«>, 7K^^^^/c^^^[a^ c ^ J T ; 4 o o^fi^co^MS 

^It^oT, -^12 0 8 cdn b iTBStf-hJi^ffl 
92 0 6, 2 0 7 £ SC<fc 9 , 04 (b) 

(C/Tti: 9 fC, Cu-7. 2££%N b £ V t£Z>m&&. 
12 0 9 ^1^ ^ TiMlSoaJg2 
0 6, 2 0 7 ftJBtJVtf 9 2 5 n m , — ^"^JR 2 0 8 CDflg 
Jt?^ 7 5 n mT'&oT, C u 8 . 9 3, N b CO 

0 9 liC u- 7 . 2lf%NbJ;^ 
[0 0 4 1 ] :6t\ SE^iUI 2 0 9 K*3tf 5N b CO 

-a^s^oi^Tte, 5 o o tSitot&STtiic u 

N b co@*gp£(3 0, 4 Nb$:W; 
±4**-fr*i:Nb«r±fi!t»fc-#-Sffid««l*AJBt2 0 9 

^^-6^, N b o£#££ LTtt 0. 4lt%^W 

[0 0 4 2] T i N/T i§2 0 5 & trtR-fr&JBt 

2 0 9lC»LTffliaCMP»*rff4oT. JHHH6*JR 
2 0 2 0±(CIjiirt^T iN/Ti!2 0 5 
■fi-A«2 0 9«rBfe*i-6Ci:8Cj: 9, 0 4 (c) io^-f 
«t 9 *^ il3^^JH2 09J:"9ft5^^^^h21 O&t/ 
il^iA^IB^2 1 ltMt*. -^CO^, ii^iA^E^ 

2 i i^r> v ii^feail2 o 2wii;^Ei;ioT, 

1 2 6 o 

[0043] Cu-7. 2j|Sc%Nbct D * 
2 0 90«jse*#ttSW*J: ?) t*^*^^. 0 u o h 
m • cmtfir*^^ (K. R. Karasek et al., J. Appl.Pb 
ys. 52(1991), 1370) 0 LA>t>, 0 8 COl#t^0(C7F ^ ix 

Cu-N b«liSlo» 9 < fxi/ 

^ hn-^^u— v-a >-Httt>3t(< ft6t>coi:#X-ibix 
6. toT, SH-&&JR2 0 9 J: I9 ttS««)^^Ej» 2 1 
ll^^^tt^U^l/^ hP7>i7L v-3 >-fltteCOfS]^ 

[0 0 4 4 ] ^2 OlSJSJRJBtdst^Ttt, 
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<7>jHJR2 0 7(Oi[:-^§2 0 8 Sr^-f 5fc#>, =. 
*^H2 0 8 0JRff**# < ^t^2 0 

8 «tSNb *«*fcTJlXtfi:Ji^«JBI2 o 6 , 

2 0 7 Kffitt £o 

[0 0 4 5 ] 12 0r>HSE^flgJC*5l^r^, TS&tf 
11^112 0 6, 2 0 7«tKui^i2 
0 8 4r*^c-T5N b t £lStfS^lCJKJ&£-£T, Cu- 
7. 2 It%N b i ^) Sffi^Jg 2 0 9 JS Lfc 

[0 0 4 6 ] JIRI&KBI2 0 2&T/**ttS«2 

«&B&JtLT*3tf tf* T i N/T i JR2 0 5 (7>ct 

[0 0 4 7 ] (S3 0Hlfi) £*T. **WO»3 0 

»a*»ICOPt, 0 5 (a) - (d) Rnm6 (a) 
-(c) *:#flBL>!t364feKW"r6e 
[0 0 4 8] HI 5 (a) iC^-T^p^, 

h*-^3 0 3RVffi«ffl0attil3 0 4*»«t5. =■ 

h* — /Is 3 0 3 <?)ffi0. 2 5 ix mSft^-t^o 
[0 0 4 9] ^iC, 15 (b) iZ7F-f£. pic, 
h*-/u3 0 3»VBE«ffll!fltti* 3 0 4 Sr<g-trJgKI#fe» 

l3 0 2^±CM(CloT, ^fl$1^3 0 l^OS? 

«te^ftli£'t*:£T/i<7>T i MI/C u <^iiffl*feJ»JK3 

0 2&t^£aSH*S«3 0 1 — (DifclRSrBSJh-rsiJBWT 

1 NIH£ 545TiN/TiJR3 0 5 «r«8tS fl 

[0 0 5 0 ] j>>*ifcfc J: ^ Ti N/T i m 

3 0 5 W±{CTS^if3 0 6^«8lfcf , CVD^ 
Xtt;* 5> *£fctC<fc , 15 (c) ICTjk-tX 9 Tl^> 

§3^ 3 0 6 ^)±l:±I o« 3 o 7 ^riit 6 0 ^*iM 
£9, 3 y ^ ^ h 3 0 3 X^EftfflDQttil 3 0 4 

nT@Rxf±mv>mm$ o 6 , 3 0 7ia"?^i;i* 

[ 0 0 5 1 ] T i N/T ig3 0 5, TB&tf-b 

Jg<aiBJR3 0 6, 3 0 7 l:#LTWttfCMPiSSrfTft 
oT, anifillkfll3 0 2 0±MRfci5LT^6T i N/T 

ii3 0 5, TIMii OffllK 3 0 6, 3 0 7 

^^(cj:^ ^ ^ 5/ h^^^-^^$r_hg(75^^3 

0 7 (cMLrtT^oT, 05 ( d ) 5 _bJi 

o«^^3 o 7 <D_t\z&mm 

[0 0 5 2] «m«<£o#j£^lcJ; 9, B6 

(a) tC^-TJ; JiScofilJ^3 0 7 <Z>Jbfc:SI*«Jfc 

«BJH3 0 8 

[0 0 5 3 ] &*c, £§Jj|l3 0 8 60*ffi»fK4r 
*^£^^7U#H^T-4 0 0^Sffi<£>S?ft#!:JI£fr 
froT, fflJB3 0 8 0Ag &TJgXtf±Stf>fflJK3 0 
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6, 3 0 7\C#Llk£-*tZ>Zt\z£ V , ID 6 (b) 

£51-, cu-o. lltroAg.t^^Si^gso 
Q^MtSi*!:, ttfl^JR3 0 9 XV 
n 3 1 OR^i^^BSa 1 l ^rMtSo r©» 
£\ Cu-0. 1 Sfi%A g <fc *3 ^Si^§3 0 9** 
Bf£$tlZ& 51-, T«AtJ«_bii<OftlR3 0 6, 3 0 7 

o 8 tomm&mm-t&o 
[0054] me ( c ) (c^-r «t 5 is#>&^ 
Ba»3 i iat;irflteta3 o 2 oic^ciot, 

±-fZ>mtis V 3 12 5. 

[0 0 5 5 ] m 3 CDHMS^tCcfc 5 t , JRtoaajCttJS 

ffi;s-&afli«^±JBo««3 0 7 ^aijRift^^nfc 

3giHi3 0 8 fcfcKfcjK6£>T?, JIRItfeJftff3 0 2-0_btc 
<5 » 

[oo5 6] m, *3o*ft*«fcasv^rrti, Jb«<o«i 

S3 0 7 0>ifc»««|C«J8t3 0 8 CiX 
fctfc*/<\ ^®l:Iot«3 0 8 ^«lf:S, 
^ «*fT*or«*&R3 o 9*»/SU 

£<RJIS3 0 8 £CMPj£tc J: OI^*Lrti:^o 
[ 0 0 5 7 ] (f4 0^Wl) £*T, *»K^*4W 

Si^iCo^r, EI 7 (a) ~ (c) Sr#i,L^b 

[0058] *-*\ mscommmmtrnm^cx, *m 
h *-^Rv<mmmwvtm&^&mmmmm4 0 201 

l^ffilCloTT i N/T i JH4 0 5 & 
M, ^&r*C J; D , TiN/Til4 0 5(DllcT 

S(7)»«4 0 6**aLfc«, CVDSXIi>^»l: 

xr>. Tm<o&i&4 0 6<o±\z±m<omm4 0 7 &wm 

L, T i N/T ig4 0 5, T«S.tf-bJi£>ffl 

g4 0 6, 4 0 7 Mir^Jx.!iCMPMff/ior i 
17 (a) (^-fj;?^ JBKUfi»fl!4 0 2 (7>Jb^ltU 
LT^STiN/Ti«4 0 5. TB&lMiJI 0«K4 
0 6, 4 0 7 SrB&^r-f 6 Q 

[0 0 5 9 ] B 7 ( b ) (c^-r i 5 (-s _tSco#!^ 

^ 14 0 7 RXimm^^m4 0 2 0±^SI-Iot7;V 

^^-^4 0 szmm-tZo 

[0060] 2k(c, »4a3i4-tT^or, ryu^-^m4 0 

8 $:iIt6A 1 2 O3 ^Tl^t) { _blom4 0 6 . 
4 0 7 |7 (c) fC^-f J: 9 , Cu- 

A 1 2 O3 «fc 9 4 0 9*»fit5^*l^ 

^bb»4 1 1 zmfc-tz. 

[0 0 6 1 ] %4 oymni&m\Z.£. ht . r/Ktl4 0 
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[0 0 6 2 ] ML *i ^SU^ft^ffifcifc^Ttt, M 
11 0 7, 207, 307, 4 0 7 HT««S:fflPfc 

[0 0 6 3 ] i Tt, T i N/T iSl 0 5, 205, 3 
0 5, 4 0 5^MI1 0 7, 207, 307, 407 
SrIRC V DftlCi ij a y ^ ^ h 1 0 3 , 20 

3, 3 o zRu^^mmvtmi o 4 , 204, 3040 

rtSBJcO^dtaiLTt J:^L, TiN/TiI105, 

2 0 5, 3 0 5, 4 0 5 <D\Xt> *) Id, ftilOttftcB&lLJR. 

[0064] £7t, ^V^^ h*— ^ 1 0 3, 2 0 3, 

3 0 3^TO8ffldfl^Il 0 4, 2 0 4, 3 0 

t, 11^1 0 7, 2 0 7, 3 0 7 B^ltt)J:^o 
[0 0 6 5 ] £ibfC, JbB*>fflJR2 0 7, 3 0 7, 4 0 

13, Tg^l2 0 6, 3 0 6, 4 0 6 ^fi&LTU 

[0 0 6 6 ] 

CuCAg, Nb^tiAl 2 0 3 oi^7 , ^-£- 
[mi] (a) - (c) i^ioaMia^^ 

[B2] (a) , (b) 

ss«o«a*ifeo*xa*r*+»fffiH-e*>6. 

[13] (a) - (c) ttff 2COXJt«n{C«d^ai« 

»«w«a*i»o#XS«:^-r»rHDH^*>6. 

[H4] (a) ~ (c) tt*2*>HK*ttlC«5**{* 
»«<0«5S*iS<7>*xaS:^'t-»fBBH-e*>S. 

[H 5] (a) ~ (d) »fV3 0>3KJK^tt(c««^*# 

[116] (a) - (c) ttJB3<z>ISJ6»ttfc«S*** 
K«^»**ife^*xaSr^-riBfBa"C*>S g 

[0 7] (a) - (c) tt«4^Xtt»tt(Cff«¥»» 
8«o»iS*«feo*XSS:*i-WfffiH^*>So 

[El 8] ^-ao^AogHBOSftSRO 8 *****^ 
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